Purpose To develop a practical, efficient, and reliable pediatric global health (PGH) measure that would be useful for clinical, quality improvement, and research applications. Methods Using the Patient Reported Outcome Measurement Information System (PROMIS) mixed-methods approach for item bank development, we identified an item pool that was well understood by children as young as age 8 years and tested its psychometric properties in an internet panel sample of 3,635 children 8-17 years old and 1,807 parents of children 5-17 years old. Results The final version of the PGH measure included 7 items assessing general, physical, mental, and social health. Four of these items had the same wording as the PROMIS adult global health measure. Internal consistency was 0.88 for the child-report form and 0.84 for the parent form; both had excellent test-retest reliability. The measures showed factor invariance across age categories. There was no differential item functioning by age, gender, race, or ethnicity. Because the measure includes the general health rating question, it is possible to estimate the PGH scale using this widely used single item. Conclusions The PROMIS PGH-7 measure is a brief and reliable 7-item measure of a child's global health.
Introduction
Assessments of an individual's perceptions of his or her health overall (''global health'') are desirable for performance assessment in clinical care, research, and population surveillance.
The integration of patient reported outcomes (PROs) into an overall performance measurement strategy, whereby PRO data are aggregated for an accountable healthcare entity or geopolitical unit, is highly congruent with aspirations for moving toward a value-driven health care system [1] .
There is no longer a debate regarding children's ability to report on their health and health-related experiences. Theoretical [2] and qualitative assessments [3, 4] of the cognitive skills necessary for self-report show that children as young as 8 years old can accurately respond to developmentally appropriate questions on their feelings, functioning, perceptions, and well-being. Over the last two decades, there has been a substantial increase in the number of pediatric generic [5] and disease-specific [6] healthrelated quality of life instruments. Despite this proliferation of measures, child-reported outcome tools are rarely used in clinical trials [6] or quality improvement applications, indicating that obstacles remain to their adoption. Barriers to adoption such as the need for a simple, short, and practical measure and the lack of a single measure that can assess the same construct over the lifespan will need to be addressed as well.
The most commonly used global health measure asks respondents to rate their health in general. That single indicator has been associated with future health [7] and healthcare utilization [8] in a large number of studies. The widespread usage of the general health item stems from its ease of administration, applicability across the lifespan, and public domain availability. Its major limitation is lack of variation within an individual over-time or within a population, particularly children whose self-reported assessments have substantial ceiling effects, which limit its usefulness as a measure to detect change or describe small differences between individuals and populations.
Simon and colleagues [9] found that scores from a 12-item index of global health for 6-17 years old youth based on the conceptual framework of the Child Health and Illness Profile [10] decreased with child age, severity of illness, obesity, and unmet healthcare needs, while it increased with socio-economic status. Of note, children who rated their health as excellent on the general health item had index scores that ranged over 40 points on a scale with a 0-100 range, indicating a large ceiling effect for the general health item.
The KIDSCREEN-10 provides a summary measure of health-related quality of life; it decreases with age and presence of a chronic condition, whereas it increases with family social influence [11] . The PedsQL provides a 23-item score for global health [12] that incorporates a broader range of concepts (i.e., physical and psychosocial domains) than the KIDSCREEN-10. However, a 23-item index is long for a summary measure, and the PedsQL is not freely available. Neither the KIDSCREEN-10 nor the PedsQL was developed as part of a life course global health assessment system that evaluates comparable content among pediatric and adult populations. This is true for virtually all pediatric measures, which are designed for children and youth only.
This study used a mixed-methods approach for instrument development [13] to develop a pediatric version of the Patient Reported Outcomes Measurement Information System (PROMIS Ò ) global health measure [14, 15] . Our objective was to produce a practical and efficient measure of pediatric global health (PGH), conceptually harmonized with the PROMIS adult form to enable life course assessment of the same construct. This new PROMIS pediatric measure was intended to provide an efficient (fewer than 10 items) summary of a child's physical, mental, and social health, the three dimensions of the PROMIS conceptual framework [16] . We intended that it would be shorter, and thus more efficient, than the PedsQL. In sum, the PROMIS pediatric global health's distinguishing characteristics would be: (1) comprehensive assessment of physical, mental, and social health; (2) brief and practical; (3) conceptual harmonization with a similar adult form to enable life course assessment; (4) integration into the full PRO-MIS pediatric measurement system; and (5) useful for research, quality assessment and improvement, population surveillance, and clinical practice.
Methods
The Institutional Review Board of the Children's Hospital of Philadelphia approved all study procedures (protocols 10-007684 and 12-009560). Informed consent for child participants was obtained from parents, and assent was obtained from children.
Interviews with children and parents
We conducted 36 interviews: 21 with children 8-17 years old (7 aged 8-10 years, 5 aged 11-13 years, 9 aged 14-17 years), half of whom were male, and 15 with parents. Participants were recruited from community dental and vision screening events in Philadelphia; all resided within the city. These interviews elicited the individual's concepts of global health, how they experience it, and examined their understanding of the global health items using cognitive debriefing methods. Interviews were conducted until saturation was achieved-i.e., when participants of a broad age range failed to provide novel information [17] . Parents reviewed the PROMIS adult global health measure and were asked what concepts were missing. They supported the addition of a family life item (parents listen to your ideas) and expressed concern that children would not understand the adult social health questions. A concept was considered saturated if it was elicited in at least one, but not the last, interview and if enough information had been obtained to fully understand the meaning and importance of the concept to children [17] .
Cognitive debriefing interviews were done to assess comprehension, recall, and other cognitive processes that could be remediated through question rewording, reordering, or more extensive instrument revisions [18] . Before the cognitive interview, participants completed a paperand-pencil questionnaire with all items in the initial item pool. For each item, interviewees read the question aloud and stated the meaning of the question using their own words. The interviewer then asked, ''How did you answer that question?'' and ''Why did you choose that answer?'' Responses to cognitive interview probes were coded for the degree to which children's understanding of the question was consistent with the item definition.
Item pool development
Based on input from a panel of pediatric and adult health outcomes researchers, participants in the PROMIS cooperative group, we postulated that the content of the adult global health measure would be applicable to children, although in some cases alternative, developmentally appropriate items would be required.
The item pool development aim was to create a parsimonious measure of PGH that was conceptually equivalent to the PROMIS adult global health measure [14] with overlap of items to permit possible scale linking. The initial item pool included all 10 items from the PROMIS adult measure. For each of the four broad concepts, quality of life, physical health, mental health, and social health, we added additional, developmentally appropriate content, selecting items from the Healthy Pathways scales, which our team developed for children and adolescents [19, 20] . We chose items from these scales based on their content and level of item discrimination from IRT models [20] . Specifically, six additional items were added. To assess pain, we included having pain that really bothers you. Emotional health was augmented with feeling sad and feeling worried. Social health was expanded to include having fun with friends and parents listen to your ideas. Our previous work indicated that children experience fatigue as a lack of energy and younger children had difficulty understanding the word fatigue [3] . Thus, we replaced the adult fatigue item with having a lot of energy. Finally, we added an item feeling proud to capture both children's satisfaction with self as an element of quality of life and their feelings of positive affect.
Cognitive interviews of the 16 items prompted deletion of both adult social health items (satisfaction with social activities and relationships and carry out social roles) and the adult item bothered by emotional problems item because of poor comprehension. Children, youth, and parents thought that the adult physical functioning item (carry out your everyday physical activities such as walking, climbing stairs, carrying groceries, or moving a chair) was not relevant to their global health. Because limitations in physical functioning are so uncommon in childhood, we removed this item. The adult pain rating (0-10 scale) was deleted because children preferred (assessed during the cognitive debriefing interviews) the Healthy Pathways item (pain that really bothers you). The remaining 11 items were administered in the field test.
Field test study designs
We administered the 11-item global health items via webbased survey to participants and their children in a national internet panel maintained by Op4G (see Op4G.com for more detail). The field test involved evaluating seven additional domains (psychological stress experiences, somatic stress experiences, life satisfaction, positive affect, meaning and purpose, family belonging, and family involvement) in addition to the PGH measure. Each participant completed all the items for a sub-set of domains. There were six forms, five of which included the PGH item pool. Participants were randomly assigned to one of the six forms. Data were collected over a 10-day period in December 2011. The surveys were administered in English.
A separate test-retest sample was obtained from Op4g, and data from that group were collected during January 2012. Participants completed a retest between 1 and 2 weeks after the initial test.
Field test participants
Parents were asked to forgo the survey if their child had a cognitive limitation that would preclude him or her from responding independently. Op4G maintains a national sample, and participants are required to update demographic information regularly, including information about presence and age of children. Op4G sent invitations to parents of children ages 5-17 years old. We specified quotas for age-sex-form combinations, and recruitment was done on a rolling basis, stopping for a given age-sexform band once the quota had been satisfied.
When both a parent and a child were participating in the survey, parents completed their questionnaire first and then were prompted to have their child complete a questionnaire. Each questionnaire had about 130 questions and required about 20 min to complete; items were presented on a computer screen. Table 1 summarizes characteristics of the field test child/ youth and parent samples. A total of 3,635 children and youth 8-17 years old and 1,807 parents of children and youth 5-17 years completed the global health measure. We obtained the 3-digit zip codes from parents and linked them to census data to determine rurality and region of residence. Parents were asked if their child had a condition that was expected to last more than 12 months. If they responded yes, they were asked to provide the name of the condition. Responses that indicated a chronic condition, based on our clinical review of the answers to the open-ended question, were categorized as a chronic condition. Compared with national statistics (which we obtained from www.childstats. gov/americaschildren/tables.asp), the child/youth sample had a lower proportion of Hispanics (10 vs 24 %), Black/ African Americans (8 vs 15 %), but a greater share of rural children (15 vs 9 %). Nonetheless, the proportion of small racial groups, such as Asians, Multiple Races, American Indian/Alaskan Native, was quite similar to national averages. Among the parent-proxy sample, the ages of their children were 5 % 5-7 years, 35 % 8-10 years, 25 % 11-13 years, and 35 % 14-17 years.
Analysis plan
All analyses were replicated for child-reported data (n = 3,635) and parent-proxy data (n = 1,807). Items were administered using 5 response categories (scored 1-5), and scored in the direction of good health. Descriptive analyses included estimates of item and scale-level means, standard deviations, floor effects, ceiling effects, and missingness. We estimated the corrected item-total correlations and computed Cronbach's alpha for the sample overall and by age group. In this and additional analyses, age group was categorized as 8-10, 11-13, and 14-17 years. Test-retest reliability was assessed with the intraclass correlation coefficient.
The item pool was evaluated to assess the item response theory assumptions of unidimensionality, local independence, and monotonicity. The unidimensionality assumption was tested by fitting exploratory and confirmatory factor analytic models using MPlus 6.1. In order to assess the extent to which the item pool measures a singular and dominant health trait, we examined the ratio of first and second eigenvalues from the exploratory factor analysis with maximum likelihood extraction and oblique rotation. Next, we examined the fit indices (Tucker-Lewis Index, Comparative Fit Index, and root mean square error of approximation) from a single-factor confirmatory factor analysis (CFA) that evaluated polychoric correlations using the weighted least square with adjustments for the mean and variance (WLSMV) estimator [21] .
Local independence was assessed by examining the residual correlation matrix after fitting the one-factor CFA model. We flagged locally dependent items by identifying pairs with high residual correlations (absolute value greater than 0.2). Monotonicity (probability of endorsing an item response indicative of better health status increases as the underlying level of health increases) was confirmed by the presence of non-overlapping item response thresholds.
After establishing the assumptions of unidimensionality, local independence, and monotonicity, we fit Samejima's Graded Response model using IRTPRO 2.1. We inspected each item's discrimination (a) and thresholds (b) values to determine whether the items cover the full range of global health. We also examined item and test information to assess measurement precision across the underlying range of global health. Finally, we performed tests for differential item functioning (which signifies the probability of an item response differing between subgroups), implemented with the ''lordif'' package in R [22] , which uses ordinal logistic regression and item response theory to estimate the scale score. We examined both uniform and non-uniform DIF across age, gender, ethnicity, and race. We flagged any item that showed a [1 % change in the McFadden pseudo R 2 measure [23] .
Results

Item deletions
Item selection was guided by the qualitative (see Table 2 for results from the cognitive interviews) and quantitative data obtained from children. We deleted the pain and energy items, because they were non-monotonic (disordered item thresholds) and poorly associated with the underlying latent trait (CFA factor loadings lower than 0.30). For the child-report form, the item feeling worried had a high residual correlation with feeling sad, and it was deleted. Similarly, the item feeling proud had a high residual correlation with general health in the parent-report form, and it was also deleted. The final 7 items include concepts within the physical, mental, and social health dimensions (see Appendices 1 and 2 for item wording for both the child and parent report forms). None of these items showed any residual correlation (all\0.20) with each other for either the child-report or parent-report forms.
Descriptive analyses
At the scale level, the Pediatric Global Health Measure 7-Item Form (PGH-7) had no floor effects, and just 5 % of the child and parent-proxy scores were at the ceiling. Within age groups, parents and children provided similar estimates of global health, which decreased slightly with age (Table 3) . Item-scale correlations (corrected for item overlap) for the child-reported PGH-7 ranged from 0.42 (Feel sad) to 0.78 (Quality of life) and for the parent-proxy form from 0.30 (Feel sad) to 0.71 (Quality of life).
Dimensionality, monotonicity, and local dependence
For the child-reported PGH-7, the first factor from the EFA explained 60 % of the variance and the ratio of the first two eigenvalues was 5.2. For the parent-proxy version, the first factor explained 57 % of the variance and the ratio of the first two eigenvalues was 4.6. These findings suggested a single underlying dimension. Adequate uni-dimensionality was further supported by both parallel analysis and scree test. In addition, comparable levels of variance explained by the first factor and the ratio of the first two factors were observed across age groups. Single-factor confirmatory factor analyses fit the data reasonably well for the child-reported form (CFI = 0.98; TLI = 0.96; RMSEA = 0.17) and the parent-proxy form (CFI = 0.97; TLI = 0.95; RMSEA = 0.17). We conducted age-specific confirmatory factor analyses to examine factor invariance by age (Table 4) . Model fit statistics and factor loadings were comparable across age groups for the child/ youth and parent-proxy samples, indicating age-related factor invariance. A multi-group model further supported the age-related test equivalence. All items in both the childreported and parent-proxy versions showed a monotonic increase in PGH-7 score across response options.
Reliability
Internal consistency alpha was 0.88 for the child/youth sample and 0.84 for the parent-proxy sample. Age-specific, child-reported PGH-7 internal consistency alpha ranged from 0.86 (8-10 years old) to 0.87 (14-17 years old) and for parent-proxy from 0.82 (5-7 years old) to 0.85 (11-13 years old). The 2-week test-retest reliability coefficients were 0.73 for the child-reported PGH7 with little variation by age group: 8-10 years old 0.71, 11-13 years old 0.75, and 14-17 years old 0.66. The parent-proxy testretest reliability was 0.74.
IRT model
We estimated item parameters from the IRT graded response model for both forms of the PGH-7 (Table 5 ). Item discriminations ranged for the child-reported PGH-7 from a low of 1.02 (Feeling Sad) to a high of 4.18 (Physical health) and for the parent-proxy form a low of 0.76 (Feeling Sad) to a high of 4.17 (General Health). The range of item thresholds indicated wide coverage of the underlying trait from approximately -3 to ?2 for the child-reported form and -4 to ?2 for the parent-proxy form.
The child-report PGH-7 provided slightly more information, and as a result lower standard errors across the range of theta, than the parent-proxy PGH-7 (Fig. 1) .
Differential item functioning
We examined each of the items for uniform and non-uniform differential item functioning (DIF) for age, sex, ethnicity, and race covariates. We found no item with substantive DIF across the socio-demographic characteristics for either child-report or parent-proxy report, using a criterion of 1 % change in the pseudo-R 2 using the McFadden statistic.
Discussion
The PROMIS pediatric global health (PGH-7) items are well understood by children as young as 8 years old. Both a child-report form for children and youth 8-17 years old and a parent-proxy form for children and youth 5-17 years old are available. Both versions had test-retest reliability estimates above 0.80, indicating excellent stability. The measure is unidimensional and factor invariant by the age of the child. We have calibrated the seven items using an IRT graded response model, and the scale has low floor and ceiling effects. Global health represents an individual's overall assessment of their health. We based the conceptual framework of the PGH-7 on the PROMIS tripartite division of self-reported health into physical, mental, and social health components [16] . The item (Quality of life) assesses a children's overall well-being, one item evaluates physical health, two mental health, two social health, and one general health. The measure is conceptually equivalent to the PROMIS adult global health measure [14] , and the final version of the PGH-7 includes four of the same items as its adult counterpart.
Future work will evaluate the validity of the PGH-7 by contrasting it to existing measures of self-reported health and assessing its responsiveness to clinical change. In addition, the conceptual equivalence of the PGH-7 with the PROMIS adult global health measure suggests the possibility of linkage, which places the pediatric version on the adult scale to form comparable scores, thereby enabling longitudinal research across the pediatric-adult transition.
A major advantage of the PGH-7 is its brevity, which lowers respondent burden and increases efficiency. It takes children, youth, and parents no more than 1-2 min to complete. Although the single item general health question is even shorter, the PGH-7 provides a greater range of variability and is more likely to be responsive to changes in health that result from healthcare interventions or naturally occurring circumstances. This efficiency is likely to enhance its adoption in both research and performance assessment applications. Furthermore, by including the general health indicator in the PGH-7, surveys that include that single item can be scored on the PGH scale, which allows for comparisons across studies that use either the PGH-7 or the general health indicator.
In recognizing patients as the authoritative source of their health experiences before, during, and after treatment, much opportunity exists in the ability of performance measurement using PROs to drive continuous quality improvement activities. Assessing the patient's view of their functioning and well-being is the basis for facilitating successful patient-provider communication, effective processes of care, appropriate treatments, and ultimately improved patient outcomes. PRO-based performance measurement, therefore, represents an important mechanism for accelerating performance improvements and increasing accountability at various levels of the health care system.
The study samples were obtained entirely from an Internet panel. Parents of children aged 5-17 years were recruited through an internet panel survey company. Both parents and children completed the questionnaires on the computer with no direct observation by an interviewer. Internet panels have been used for adult instrument development, but there have been few attempts to use this approach with children. In another study, we compared the psychometric properties of several instruments, but not the PGH-7, administered to agematched samples of children recruited and assessed through this Internet panel and in schools, where the children were directly observed as they completed the questionnaires on paper [24] . Factor structure, internal consistency, and scale information were comparable across administration modality sub-groups. Differential item functioning analyses indicated that administration modality did not impact the probability of observing particular item response patterns beyond that which was attributable to the respondent's level of the measured health attribute. Items administered using the two modalities were similar in the degree to which they discriminated among youth with varying levels of health. These findings are reassuring, because the advent of computerized survey administration linked to electronic health records will increase the number of children and adults who complete these measures at home via the internet. Purchasers, health care providers, and other key stakeholders have identified child health outcomes as an unmet need in pediatric health and health care performance measurement [25] [26] [27] [28] . Viewing children through the lens of their well-being and functioning rather than solely according to risk-based and disease-specific measures is an important shift in perspective that redirects attention toward the end goal of helping children become flourishing individuals. The advantage of a measure like the PGH-7 is that it is not based on segmentation of the pediatric population by a condition, but is a cross cutting measure that provides an evaluation of health overall regardless of disease or other clinical category. One of the greatest strengths of the PGH-7 is that it is a highly inclusive measure that would allow any entity to assess the vast majority of its pediatric population.
We believe that researchers can use the PGH-7 to assess global health of children from ages 5-17 years old. The measure will be useful for clinical, performance improvement, and research applications. Investigators may be interested in evaluating the overall score or item-level scores to glean information about sub-components of global health. Next steps in its development will include evaluating validity as compared with other measures of self-reported global health, determining the measure's responsiveness to clinical change, and linking the PGH-7 with the PROMIS adult global health measure.
See Table 6 . Table 6 Pediatric global health (PGH-7) items, child-report form 
